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SPECIFICATION 

1. Title of the Invention: TEST METHOD FOR ACTIVE MATRIX 

SUBSTRATE 

2. Claim 

(1) A test method for an active matrix substrate, 
wherein a certain amount of charge is accumulated in advance 
in a capacitance provided in each dot element for holding 
data, the charge is read out after a certain interval of 
time, and level measurement is performed. 

3. Detailed Description of the Invention 

The present invention relates to a test method for an 
active matrix substrate used for a display device, such as a 
liquid crystal display. 
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As shown in Fig. 1, an active matrix substrate is such 
that transistors and capacitances for accumulating charge 
are arranged in a matrix. Line inputs X x to Xi are wired to 
gates of the transistors to select a row of the matrix. 
Lines Y x to Yj that refer to data inputs cause data to be 
accumulated as charge in the accumulation capacitors via the 
transistors corresponding to the selected row. Electrodes 
E U j to of the capacitors serve as driving electrodes for 

the display device, and drive display media disposed on the 
electrodes. In the operation of the matrix, first, data to 
be fed to E 1X to E 13 is set in Y x to Y j , and transistors Tr n 
to Tr X j are turned on by the line X 1 to accumulate the signal 
as charge in capacitors C X1 to C 2 j . The signal is binary "0" 
or "1" when it is a graphic signal, and is a continuous 
value from "0" to "1" when it is an image signal for a 
television or the like. Further, similarly, data to be set 
in E 21 to E 2 j is prepared in Y x to Yj , and the transistors 
Tr 21 to Tr 2 j are turned on by the gate line X 2 to store the 
signal in C 21 to C 2j . Similarly, after inputting the signal 
to E ia to Eij on the row indicated by X j , the operation is 
repeated again on X 1# and cyclic refreshment is performed in 
a sequential manner. 

Fig. 2 is a cross-sectional view of a device that 
fabricates the active matrix oh a Si wafer and that drives 
the liquid crystal display. First, a diffusion layer of a 
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stopper P + region 6 and an N + region 5 forming a source and 
drain of a transistor are fabricated on a Si wafer 4, and a 
gate electrode 10 and a capacitor electrode 9 (using 
polysilicon) are fabricated on a gate layer 8. The 
components other than the gate layer 8 are covered with a 
field layer 7. A PSG layer 11 is formed thereon, and is 
formed with contact holes to form Al lines 13 serving as the 
column lines Y x to Yj and Al electrodes 12 serving as the 
drive electrodes E 1X to E ± j . Thereafter, a glass plate 1 
having a Nesa film 2 serving as a common electrode is formed, 
and a liquid crystal 3 is then injected therebetween in a 
sandwiched manner. In this device, the liquid crystal emits 
light if the potential difference between the drive 
electrode 12 and the common electrode 2 is a predetermined 
value or higher, and does not emit light if it is this value 
or lower. Grayscale is also possible depending on the 
potential. As a result, a matrix display having i rows and 
j columns of dots, each dot being formed of this drive 
electrode, is manufactured. 

It is better that the active matrix substrate used 
therein be less defective. A defective dot or line appears 
to stay lit or unlit on the display device, and the device 
is a defective product. For example, a leakage of the 
accumulation capacitors C ia to C ± j (caused by failure of the 
insulating layer 8, etc.) or a leakage of a transistor 
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(bonding failure of diffusion) results in a pixel defect, 
and a leakage of the transistors connected to the lines Y x 
to Yj results in a line defect. Also, a leakage of the 
lines X a to X ± appears as a horizontal line defect on the 
display panel. It is therefore necessary to determine 
whether or not a defect exists before assembling them into a 
panel, and to, if a defect exists, further search for the 
location beforehand to reject the substrate or eliminate or 
correct the defect, thereby manufacturing a non-defective 
product. Conventionally, it is possible to measure a 
leakage of (i + j) lines or a disconnection of the lines 
each time a pad serving as a signal input is probed; however, 
the number of dot elements is (i x j). It is therefore 
time-consuming to probe the individual drive electrodes to 
check a leakage/line disconnection. For example, in the 
case of a television image, i = 200 and j = 200, and the 
measurement of 40000 elements is almost impossible. 
Actually, non-defective and defective products must be 
distinguished after assembling a panel, leading to 
inefficiency and considerably low yield. Even if the 
measurement is carried out, a minute electric current with a 
tolerance of 1 to 100 pA yields an unstable, unreliable 
measurement value. 

It is therefore an object of the present invention to 
provide a method in which the presence of a defect and the 



- 4 - 



address for all components ranging from lines to elements 
can be measured in a short time before assembling them into 
a panel display device and in which a removable defect can 
be eliminated by a laser or the like to manufacture a non- 
defective product while distinguishing it from a non- 
removable defect. 

The present invention is characterized by providing a 
dynamic method in which a leakage of the charge accumulated 
in capacitors, together with lines and elements, is tested, 
whereas, conventionally, direct-current measurement is used 
for a leakage of all of the lines, etc. If a leakage of the 
charge accumulated in the capacitors exists, the charge is 
lost after a certain period; otherwise, the charge is held. 
This phenomenon is used to detect a change in the amount of 
charge at certain intervals of time, thereby determining 
whether or not the dot elements are defective and the 
address thereof. 

Fig. 3 illustrates an exemplary test system for an 
active matrix substrate of the present invention. A matrix 
53 is the same as that shown in Fig. 3. A shift register 37 
for controlling a signal of X lines is controlled by a 
computer 35 by means of a clock signal 44, a data signal 45 
for selecting one of X 1 to X if signals 42 and 43 for 
resetting and setting all internal components, and a signal 
55 for resetting only outputs. Outputs Gx 1 to Gx ± and Gx x - 
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bar to Gx-bar serve as switches of the lines X x to X ± for 
selecting a GND potential or a V DD potential. An ammeter 56 
measures electric current flowing in each line from V DD/ and 
outputs a digital signal 54. A shift register 33 outputs a 
signal for selecting a Y line, and is controlled by the 
computer 35 in the same manner as the shift register 37. A 
driver 34 outputs "0" or "1", and drives a common line 38 by 
opening and closing a switch Sy. A comparator 31 compares 
the potential of the common line with a comparative level Vc 
set by a D/A converter 32. Transistors Ty x to Tyj serve as 
switches for connecting or disconnecting between the Y lines 
and the common line depending on outputs Gy 1 to Gyj . 

Figs. 4, 5, and 7 illustrate flowcharts showing the 
testing operation of the system. 

Fig. 4 illustrates an example in which a leakage of the 
X lines is measured. First, the shift register is reset to 
cause Tx-l' to Tx ' ± to conduct, and X x to X ± are set to the 
GND potential. Thereafter, Tx x to Tx ± are sequentially 
turned on by the shift circuit to set X 1 to X t to the V DD 
potential one-by-one, and a leakage thereof is checked by 
the ammeter 56. If a leakage exists, the leakage is 
memorized, and the address thereof is used later when the 
defect is removed. 

Fig. 5 illustrates the flow of measuring a leakage of 
the Y lines. First, the shift register 37 on the X side is 
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reset to set all X l to X ± to the GND potential, and all 
transistors are turned off so that the elements are not 
included. Thereafter, the shift register 33 is set, and all 
Ty 1 to Tyj are turned on by Gy 1 to Gy^ . The driver is set to 
the "1" potential (V DD potential) to open the switch Sy, and 
the capacitances Cy x to Cyj parasitic to the Y lines are 
charged to the "1" potential at the same time to accumulate 
the charge. Immediately thereafter, the shift register 33 
is reset to turn off Ty x to Tyj, and waits for a certain 
period of time in this state. Thereafter, the driver 34 is 
set to the "0" potential to turn on the switch Sy to 
discharge the charge of a capacitance C IN , and Sy is 
immediately closed to set the common line 38 to high 
impedance. Thereafter, the shift register 33 is activated, 
and, first, Ty x is turned on by the Gy signal to share the 
charge accumulated in Cy 2 with C IN . This operation is 
illustrated in Fig. 6. When the potential Vo of the common 
line 38 is selected by Gy x , C IN is charged with the charge of 
Cy 2 . The potential becomes a value determined based on a 
predetermined capacitance ratio unless the charge of Cy 2 is 
lost. Vc is set immediately below this value, and a 
comparison result by means of a strobe pulse STB in a strobe 
period is latched. If a line leakage exists, the charge of 
Cy 1 is lost, and the potential of Vo does not exceed Vc, 
thus making it possible to perform the test by means of the 
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output of the comparator 31. If a defect exists here, also, 
the address is recorded. This operation is sequentially 
repeated until Yj . 

Fig. 7 illustrates the flow of measuring the elements. 
First, the output of the driver 34 is set to "1", and the 
switch Sy is turned on. Then, the shift register 33 is set, 
and Ty x to Tyj are turned on. Thereafter, the shift register 
37 causes the transistors to be sequentially turned on by X x 
to X ± on a row-by-row basis from the first row to the i-th 
row to accumulate the charge in the capacitors C 1X to . 
The selection period of X x to X ± is set to about one i-th of 
the refreshing period of the matrix. Then, the two shift 
registers are reset to set the driver to "0". The shift 
register 33 is first set, and all Ty x to Tyj are turned on to 
discharge the charge of Cy x to Cyj and C IN , after which Sy is 
closed to provide the high-impedance state. Then, the shift 
register 33 is reset, and Ty 1 to Tyj are turned off, after 
which the shift register 37 first selects X 2 and turns on Tr x 
to Tr ± j to read out the charge of C 12 to C ± j to Y x to Yj . 
Thereafter, the shift register 33 scans, and Ty x to Tyj are 
sequentially turned on one-by-one to read out the charge of 
Cy 1 to Cyj to C IN . Fig. 8 illustrates this stage. When one 
of X x to Xj is selected, the charge of the elements moves to 
Y x to Yj to the lines according to the capacitance ratio. 
Thereafter, when Tr 1 to Trj are turned on by Gy x to Gyj , the 
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charge further moves to C IN . As a result, the potential of 
the common line 38 finally resides between Vc 1 to Vc 2 unless 
the charge is lost. Fig. 9 illustrates a specific example 
of this circuit. A D/A converter 60 generates two 
comparative levels Vc 1 and Vc 2 , and comparators 61 and 62 
perform comparison and input results to latches 63 and 64 . 
If an element leakage exists, Vo does not exceed Vc x . If an 
element leakage exists between the X 2 to X t lines, conversely, 
charging is performed when X x to X ± become "1", and Vo 
exceeds Vc 2 . The failure state of the element and the 
address are thus recorded. Further, if an X line or Y line 
is disconnected, the element test allows a defect to 
linearly appear, and it is possible to detect the defect. 

In Fig. 3, it is assumed that C 1]L to C ± j are about 1 to 
10 pF, Cy x to Cyj are about 10 to 50 pF, C IN is about 10 pF 
to 100 pF, and V DD = 10 V. In this case, it is sufficient 
that the level to be used for the test has a resolution of 
at most 5 mV, which is possible. 

In the present invention, the leakage of charge in a 
certain period is used as an active-matrix test parameter. 
According to this method, even a small leakage of several 
100 pA can be readily measured by replacing it with a time 
constant. It is therefore possible to reliably measure not 
only lines but also elements, which is conventionally 
impossible. Further, while the simplest test flows are 
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illustrated herein, by way of example, a combination thereof 
can be used to further implement a crosstalk test or a 
reverse-leakage (failure that causes the charge to be 
charged) test. The system illustrated in Fig. 3 is merely 
an example, and the same functionality can also be 
implemented by another circuit. 

In the method of the present invention, when the 
refreshing cycle is 30 msec, the testing of a single matrix 
substrate can be completed within about one second. Further, 
test results, i.e., the failure status and the address, are 
all recorded, and a defective portion is automatically or 
manually eliminated (by, for example, cutting the Al line) . 
It is therefore possible to rapidly distinguish non- 
defective and defective matrix substrates and to correct a 
substrate including a defect, leading to high assembly 
efficiency and considerably improved yield. 

4. Brief Description of the Drawings 

Fig. 1 is a circuit diagram of an active matrix 

substrate, and Fig. 2 is a cross-sectional view thereof when 

assembled into a liquid crystal display panel. 

Fig. 3 illustrates an example structure of a test 

system for a matrix substrate in the present invention. 

Figs. 4, 5, and 7 illustrate exemplary test flows using the 

system shown in Fig. 3. 
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Figs. 6 and 8 illustrate the operation of a charge 
read-out method of the present invention, and Fig. 9 
illustrates a structure of a comparison circuit for testing 
the operation shown in Fig. 8. 

1: glass 

2 : Nesa film 

3: liquid crystal 

4: Si wafer 

9, 10: polycrystalline silicon 

8: gate layer 

7, 11: field layer 

12, 13: Al 

33, 37: shift register 
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FIG. 2 

A . . LIGHT 

FIG. 4 

A . . START 

B . . RESET SR-x 

C . . SET DATA IN SR-X 

D . . SHIFT SR-x 

E . . MEASURE ELECTRIC CURRENT 
F . . RECORD 
G . . END 

FIG. 5 

A . . START 

B . . RESET SR-X 

C . . SET SR-y 

D . . RESET SR-y 

E . . SET TIME 

F . . SET DATA IN SR-y 

G . . SHIFT SR-y 

H . . LEVEL TESTING 

I . . RECORD 

J . . END 

FIG. 7 
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A . . START 

B . . SET SR-y 

C . . SET DATA IN SR-x 

D . . SHIFT SR-x 

E . . SET TIME 

F . . CHARGE IN C n TO C i;j 

G . . RESET SR-x AND SR-y 

H . . SET DATA IN SR-x 

I . . SHIFT SR-x 

J . . SET SR-y 

K . . DISCHARGE Yj TO Yj LINES 

L . . RESET SR-y 

M . . SET DATA IN SR-y 

N . . SHIFT SR-y 

O . . LEVEL TESTING 

P . . RECORD 

Q . . DISCHARGE Vo LINE 
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